in the Exobasidiomycetes based on molecular phylogenetic analyses of the nuclear ribosomal RNA genes alone or in combination with protein genes (Begerow et al. 2000 , Bauer et al. 2001 , Weiß et al. 2004 ). However, Matheny et al. (2006) suggested that the Malasseziales might be affiliated with Ustilaginomycetes. Therefore, Hibbett et al. (2007) excluded Malasseziales from Exobasidiomycetes and treated it as incertae sedis in Ustilaginomycotina.
The yeast-like genus Moniliella was described by Stolk & Dakin (1966) . In the following year the genus Trichosporonoides was introduced by Haskins & Spencer (1967) . Both have a basidio mycetous affinity because they can hydrolyse urea, show a positive Diazonium Blue B (DBB) staining and have multi-lamellar cell walls. The septal pores of the species studied so far (M. oedocephala, M. spathulata, M. suaveolens) show a diversity of septa. Moniliella suaveolens has typical dolipores with an arch of endoplasmic reticulum, M. spathulata has a micropore-like structure and M. oedocephala has both (Haskins 1975 , Martínez 1979 . Boekhout (1998) and de Hoog & Smith (1998a, b) indicated that Trichosporonoides was probably synonymous with Moniliella. Later Rosa et al. (2008) confirmed that both genera were indeed congeneric based on 26S rRNA D1/D2 domain sequence analysis and, consequently, transferred all species into the genus Moniliella. These authors were, however, not sure about the phylogenetic relationships with either Ustilaginomycotina or Agaricomycotina.
In order to clarify the phylogenetic affiliations of Malassezia and Moniliella, we performed phylogenetic analyses based on the six genes that were used to address the higher-level phylogeny of the Fungi (James et al. 2006 , Hibbett et al. 2007 ). Our results demonstrated that Malassezia and Moniliella belong to Ustilaginomycotina where they form deep and well-supported lineages with a sister relationship to both Ustilaginomycetes and Exobasidiomycetes. We therefore propose two new classes, Malasseziomycetes and Moniliellomycetes for these lineages, with additional support from phenotypic characters. Table 1 Taxa sampled and sequence accession numbers employed (those in bold are determined in this study).
MATERIALS And METHodS

Taxon sampling
Almost all the recognised Malassezia and Moniliella species were employed (Table 1) . Reference species representing Pucciniomycotina, Agaricomycotina and currently recognised classes of Ustilaginomycotina were selected based on sequence availability for the six genes used in the AFTOL1 project (http://aftol.org/data.php) ( Table 1) . Sequence data generated in this study or data retrieved from GenBank were mostly from type strains of the taxa compared.
Molecular phylogenetic analyses
Sequences were aligned with the Clustal X program (Thompson et al. 1997) . The alignment datasets were firstly analysed with Modeltest v. 3.04 (Posada & Crandall 1998 ) using the Akaike information criterion (AIC) to find the most appropriate model of DNA substitution. A general time-reversible model of DNA substitution additionally assuming a percentage of invariable sites and Γ-distributed substitution rates at the remaining sites (GTR+I+G) was selected for further analyses. Maximum likelihood (ML) analyses were conducted in MEGA v. 5 (Tamura et al. 2011) . Maximum parsimony (MP) analysis was conducted in PAUP v. 4.0b10 (Swofford 2002) where the support of the branching topologies was derived from 1 000 replicates with 10 random additions. Three to four ascomycetous species were used as outgroups. Bayesian posterior probability analyses were conducted in MrBayes v. 3.2 (Ronquist et al. 2012 ) with parameters set to 1 000 000 generations, four runs and four chains. The chains were heated to 0.25 and a stop value of 0.01 was used. The alignment matrix was deposited in TreeBASE (www.treebase.org) with submission ID 14907.
RESuLTS
A total of 108 new sequences were generated from 31 species in this study (Table 1) . New sequences and those retrieved from GenBank generated from the same species were concatenated in different combinations to form three separate datasets as follows: 1) a rRNA gene dataset formed by SSU, LSU D1/D2 and ITS (including 5.8S rDNA); 2) a protein gene dataset consisted of RPB1, RPB2 and EF1-α; and 3) a six-gene dataset formed by the combination of the former two datasets as used in James et al. (2006) . All the datasets were subjected to ML, MP and Bayesian analyses respectively and the topologies of the trees obtained were visually examined for phylogenetic concordance.
In the majority of the trees, four distinct monophyletic clades, namely Exobasidiomycetes, Malassezia, Moniliella and Ustilaginomycetes, were consistently resolved within Ustilaginomycotina (Table 3 , Fig. 1, 2 ). The Malassezia, Moniliella and Ustilaginomycetes clades each received 1.0 post probability and 99-100 % bootstrap support in the trees constructed using different algorithms based on the six-gene dataset. These three clades were also clearly resolved and strongly supported (1.0 post probability and 92-100 % bootstrap values) in the trees drawn from the rRNA gene and the protein gene datasets, except for the Ustilaginomycetes clade which received weak (51-65 %) bootstrap support in the ML and MP trees drawn from the rRNA gene dataset (Table 3 , Fig. 2 ). The Exobasidiomycetes was resolved as a monophyletic clade in the trees constructed from the rRNA gene and the six-gene datasets, but only received strong support in the Bayesian and ML trees drawn from the rRNA gene dataset. This clade was shown to be non-monophyletic in all the trees drawn from the protein gene dataset (Table 3 , Fig. 1, 2 ). In the Bayesian and ML trees ( 
PCR and DNA sequencing
Genomic DNA was extracted from the living cultures grown on the Yeast Extract Peptone Dextrose (YPD) plate using the method as described by Bolano et al. (2001) . A set of six genes were selected, including three protein-coding genes, namely RPB1 (the largest subunit of RNA polymerase II), RPB2 (the second largest subunit of RNA polymerase II) and EF1-α (translation elongation factor 1-α), and three rRNA genes namely small subunit (SSU or 18S) ribosomal DNA (rDNA) D1/D2 domains of the large subunit (LSU or 26S) rDNA, and the ITS 1+2 regions (including 5.8S rDNA) of the rDNA. PCR and sequencing of the rRNA genes were performed using the methods described previously (Fell et al. 2000 , Scorzetti et al. 2002 , Wang et al. 2003 . PCR and sequencing primers for RPB1, RPB2 and EF1-α are listed in separate branch, while the remaining taxa of the Exobasidiomycetes formed an unsupported (0.6 post probability) group in the Bayesian tree ( Fig. 2d) and two separate groups in the ML tree (Fig. 2e) . In the MP tree (Fig. 2f) , two Exobasidium species formed a separate branch from the other Exobasidiomycetes taxa, which in turn formed an unsupported group.
The phylogenetic relationships among the Exobasidiomycetes, Malassezia, Moniliella and Ustilaginomycetes clades were clearly resolved by Bayesian analysis of the six-gene dataset, showing that the Exobasidiomycetes clade was located basal to the other three clades; Malassezia and Moniliella were sister clades and Ustilaginomycetes was basal to them. Their relationships were all strongly supported by 1.0 post probability (Fig. 1, 2g) . However, the relationships among the four clades within Ustilaginomycotina were largely unresolved in the other trees (Fig. 2) .
dISCuSSIon
Basidiomycetous species in the subphylum Ustilaginomycotina are usually dimorphic, producing a saprobic haploid yeast phase and a parasitic dikaryotic hyphal phase. A considerable number of cultivable ustilaginomycetous fungi are only known by asexual yeasts and yeast-like microbes and are classified mainly based on physiological, biochemical and molecular criteria commonly used for yeasts, forming a taxonomic system hitherto independent from that of filamentous fungi (Boekhout 1991 ). Molecular methods recently showed the affiliation of these yeasts with various filamentous smuts and merged the two groups into a unified taxonomic system (Bauer et al. 2001 , Begerow et al. 2000 , Weiß et al. 2004 and most are known from industrial settings, food stuffs, fats, oils and acids or substrates with low water activity or were isolated from flowers in tropical forest ecosystems (de Hoog et al. 2011) . Thus their origin and ecology also differs from the vast majority of Ustilaginomycotina that typically are plant pathogens . Glucose, galactose and mannose (low) were found to be present in the cell walls of Moniliella species, whereas xylose and fucose were absent (Weijman 1979) , which led this author to conclude that the genus may not be related to the Agaricomycotina. Ustilaginomycotina, as analysed thus far, have glucose as the dominant cell wall sugar, with some galactose and mannose, but without xylose (Dörfler 1990 , Boekhout et al. 1992 , Prillinger et al. 2011 , van der Klei et al. 2011 , thus agreeing with the cell wall composition as known from Moniliella species.
The septal ultrastructure of the Moniliella species as investigated so far revealed a rather complex pattern with dolipores in M. suaveolens, micro-pore-like structures in M. spathulata and both types occurring in M. oedocephala. The dolipores resemble those of Agaricomycetes but with an arch of endoplasmic reticulum instead of parenthesomes (Haskins 1975 , Martinez 1979 , van Driel et al. 2009 ). These differences in pore structures may be growth stage dependent, and differ between yeast-like, hyphal and arthroconidial stages, but they may also be caused by the fixation protocols used. The dolipore structure is quite different from the simple pore with membrane caps observed in the Ustilaginomycotina and the simple pore without membrane apparatus typical for the Pucciniomycotina (Boekhout et al. 1992 , van der Klei et al. 2011 . The biochemical and ultrastructural characters made the taxonomic and phylogenetic positions of Moniliella elusive for a long time. However, our results clearly show that the Moniliella species belong to the Ustilaginomycotina with strong support (Fig. 1, 2) .
Our analyses showed that the species of Malassezia formed a highly supported deep lineage in the Ustilaginomycotina that we rank at the class level. This is further sustained by the unique monopolar budding, the thick helicoidal cell wall, the lipid dependency of most Malassezia species and the lipophily of M. pachydermatis (Guého-Kellermann et al. 2011) . Malassezia species occur commonly on human and animal skin, but metagenomic data also revealed the presence of the species in some unexpected habits, such as forest soil, nematodes or corals (Guého-Kellermann et al. 2010 , Gaitanis et al. 2012 . The genome comparison between Ustilago maydis and M. globosa revealed some major differences in the enzyme armamentarium used by human inhabiting Malassezia yeasts that differs from that of the plant pathogen U. maydis (Xu et al. 2007 , Sun et al. 2013 .
Our analyses of the three rRNA genes and the combined six genes indicated that Exobasidiomycetes seem to be monophyletic when the Malassezia clade is excluded, but it remains polyphyletic in the analysis of the three protein-coding genes. Begerow et al. (1997 Begerow et al. ( , 2000 and Bauer et al. (2001) showed that the Exobasidiomycetes were weakly supported or with 56-85 % bootstrap support values based on the LSU rDNA analysis. Begerow et al. (2006) indicated that Exobasidiomycetes were paraphyletic using a combined analysis of SSU, D1/D2, ITS, atp6 and β-tubulin sequences, but this lineage was found to be monophyletic when the SSU data were excluded, but with weak bootstrap support. Matheny et al. (2006) indicated that the taxa within Exobasidiomycetes except the Malassezia clustered together with or without statistical support based on the different gene combination datasets. Thus, for a better understanding of the phylogeny of Exobasidiomycetes further analyses using more molecular data or genomic data are needed.
In addition to the Clustal X, we also used the MAFFT program (Katoh & Standley 2013) to align the sequences and the Gblocks program (Talavera & Castresana 2007) to remove ambiguously aligned blocks from the alignments. The alignments produced by the MAFFT and those treated by the Gblocks were all subjected to Bayesian, ML and MP analyses. The consensus was that the Malassezia, Moniliella and Ustilaginomycetes taxa were respectively resolved as strongly supported monophyletic clades in all the trees obtained, while the Exobasidiomycetes was monophyletic without statistic support in the trees drawn from the six-gene dataset but polyphyletic in the trees drawn from the rRNA gene and the protein gene datasets (data not shown). The polyphyletic nature of the Exobasidiomycetes was magnified by using the new programs, implying that this group may not represent a single class.
In conclusion, multiple gene phylogenetic analyses and phenotypic comparisons suggest that the species of Malassezia and Moniliella form two independent deep lineages representing sister groups to the recognised classes Ustilaginomycetes and Exobasidiomycetes within Ustilaginomycotina. Therefore, we propose two new classes to accommodate these fungi. Etymology. The nomenclature of the class is derived from the order name of Malasseziales R.T. Moore, Bot. Mar. 23: 371. 1980 , emend. Begerow et al., Mycol. Res. 104: 59. 2000 Member of Ustilaginomycotina. Sexual morph unknown. Cells are globose, ovoid or cylindrical. Budding is typically monopolar on a more or less broad base, enteroblastic and percurrent. The cell wall is multi-lamellate, and the inner layer of the cell wall is corrugated with a groove spiralling from the bud site. The species are lipid dependent or lipophilic. Sugars are not fermented. Urease and diazonium blue B (DBB) reactions are positive. Coenzyme Q-9 is formed. Xylose is absent in wholecell hydrolysates.
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